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ABSTRACT
Background: Mental retardation is a common condition with the incidence of 1-
3%  of  the  entire  population;  about  25%  -  50%  of  them  are  genetic  causes. 
Chromosomal causes account for up to 28%. Microcephaly and mental retardation 
may occur together as a syndrome. Cytogenetic and molecular analysis has been 
approved to  definitively  diagnose  those  syndromes.  This  research  is  aimed  to 
know  the  chromosomal  characteristic  of  children  with  mental  retardation  and 
microcephaly.
Method: This research is observational descriptive study with retrospective data 
taken start  from 2007-2009. The data of head circumference  and chromosome 
analysis  from  39  children  were  processed.  The  data  are  then  presented  as  a 
descriptive statistic after being analyzed using Microsoft Excel 2007.
Results: Chromosomal analysis results shows 18 (46.15%) children with 46,XX 
karyotype, 11 (28.21%) children with 46, XY karyotype, 5 (12.82%) children with 
47,XX+21 karyotype, and 4 (10.26%) children with 47,XY+21 karyotype. There 
is also one Robertsonian translocation with 46,XX,+21, t(14;21) karyotype.
Conclusion: Normal karyotype (46,XX and 46,XY) were found in 29 (74.36%) 
children. Visible chromosomal abnormalities detected includes 9 cases of Down 
syndrome trisomy 21 and one case of Robertsonian translocation with t(14;21) 
karyotype.
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3ANALISIS KROMOSOM PADA ANAK RETARDASI MENTAL DENGAN  
MIKROSEFALI
ABSTRAK
Latar  Belakang:  Retardasi  mental  adalah kondisi  yang sering terjadi  dengan  
insidensi  sebesar  1-3%  dari  populasi  umum,  dan  sekitar  25%  -  50%  nya  
disebabkan  oleh  kelainan  genetik. Kelainan  kromosom  memiliki  peran  pada  
sekitar 28% kasus. Mikrosefali  dan retardasi mental dapat muncul bersamaan  
sebagai  sindrom.  Analisis  sitogenetik  dan  molekular  telah  banyak  digunakan  
untuk  menegakkan  diagnosis  definitif  untuk  sindrom  tersebut. Penelitian  ini  
bertujuan untuk  mengetahui  gambaran kromosom dari  anak dengan retardasi  
mental dan mikrosefali.
Metode:  Penelitian  ini merupakan  penelitian  deskriptif  observasional  dengan  
pengambilan data  secara retrospektif  mulai  tahun 2007 – 2009.  Data lingkar  
kepala dan analisis kromosom dari 39 anak diproses. Data kemudian disajikan  
dalam bentuk statistik deskriptif setelah dianalisis dengan Microsoft Excel 2007.
Hasil: Hasil analisis kromosom menunjukan 18 (46.15%) anak dengan kariotipe  
46,XX; 11 (28.21%)  anak dengan kariotipe  46,  XY; 5 (12.82%)  anak dengan 
kariotipe  47,XX+21,  dan  4 (10.26%) anak  dengan  kariotipe  47,XY+21.  
Ditemukan  pula  satu  translokasi  Robertsonian  dengan  kariotipe  46,XX,
+21,t(14;21).
Simpulan:  Kariotipe  normal  (46,XX and 46,XY) ditemukan pada  29 (74.36%) 
anak.  Kelainan  kromosom yang  terlihat  terdiri  dari  9  kasus  Down syndrome  
dengan  trisomi  21  dan  satu  kasus  translokasi  Robertsonian  dengan  kariotipe  
t(14;21).
Kata kunci: Retardasi mental, mikrosefali, analisis kromosom
4PREFACE
Mental retardation (MR), nowaday called ntellectual disability,  is not 
only a disability condition of intellectual functioning, but also adaptive behavior. 
This condition can be shown in the patients conceptual skill, as well as social and 
practical adaptive skill.1 This is a very common human disorder.2,3
It  was  estimated  that  1-3 % of  the  entire  population  is  defined as 
having mental retardation by the characteristic of having IQ below 70, and suffers 
from learning and adaptive disabilities.2 Another research said that this condition 
happens on average at 2,3 % of the total  population.4 Many mentally retarded 
individual still be able to maintain part-time or full-time employment, according 
to the severity of their disability.5
There are many heterogeneous causes of mental retardation. Mostly 
unknown, but about 25% - 50% of them are genetic causes.5 Chromosomal causes 
account for up to 28%, including numerical or partial chromosomal abnormalities, 
and  also  cytogenetically  invisible  microdeletions.2 Hence,  accurate  testing  for 
genomic imbalance is essential in terms of diagnosis.6 Chromosomal analysis is 
also a key to provide better  prevention and management of mental retardation, 
including accurate genetic counseling services.7
Microcephaly,  which  defined  as  a  small  head  circumference  more 
than two standard deviation below the mean population,  is a common physical 
sign of mental retardation. Children with microcephaly may carry high risk of low 
IQ. Despite the fact that this characteristic is not a good indicator of a mental 
5retardation, the presence of microcephaly may suggests the attending physician to 
test for existing mental retardation.9
Microcephaly  and MR may occur  together  usually  as  a  syndrome, 
such as Down syndrome, Rett syndrome, and other well known condition.4,8 These 
syndrome  should  be  recognized  easily  because  their  characteristic  in  multiple 
congenital abnormalities,  behavioral problems, and certain dysmorphism, but the 
definitive  diagnosis  for  syndromes  of  mental  retardation  with  microcephaly 
should be confirmed by cytogenetic analysis and molecular technique.8
This research is aimed to to describe the chromosomal characteristic 
of children with mental retardation and microcephaly, and to provide information 
and  reference  for  further  research.  Thus  the  better  diagnostics  method  and 
counseling can be carried out.
METHOD
This  research  is  observational  descriptive  study  with  retrospective 
data  taken start  from 2007-2009.  The target  population  of  this  research  is  all 
mentally  retarded  children  with  microcephaly.  The  accessible  population  is 
mentally  retarded  children  in  SLB  Widya  Bhakti.  Physical  examination  to 
determine microcephaly condition has been done in SLB Widya Bhakti, while the 
cytogenetic  examination  has  been  done  in  parallel  at  CEBIOR  Faculty  of 
Medicine  Diponegoro  University.  The  data  of  head  circumference  and 
chromosome  analysis  from  39  children  were  processed.  The  data  are  then 
6presented  as  a  descriptive  statistic  after  being  analyzed  using Microsoft  Excel 
2007.
RESULTS
From the result obtained, there are 29 (74.36%) samples with normal 
karyotype,  and  10  (25.64%) cases  of  Down  syndrome.  The  table  shows  the 
chromosomal analysis results.
Karyotype Number Percentage
Normal Karyotypes
46,XX 18 46.15%
46,XY 11 28.21%
Down Syndromes
47,XX,+21 5 12.82%
47,XY,+21 4 10.26%
46,XX,t(14;21)+21 1 2.56%
Total 39 100%
DISCUSSION
A total  of  10 (25.64%) children  are  obtained  having chromosomal 
abnormalities, while 29 (74.36%) children have normal karyotype. But in spite of 
that fact, the diagnosis of chromosomal disorders still cannot be eliminated from 
these samples because there is still  probability of submicroscopic abnormalities 
and they  are  cytogenetically  invisible.4,5 Previous  studies  shows that  there  are 
submicroscopic  aberrations  in  5-17% of  mentally  retarded patient  with normal 
result in cytogenetic examination.42,43
7The number of male children with mental retardation is 56 (52.83%) 
children,  larger  than  the  number  of  female  children  (47.17%).  This  finding  is 
consistent with previous research result which shows that among those with IQ 
>70, in the range of mild deficiency,  boys exceeded girls by a ratio of 2.2:1.44 
Another research also shows a male-female ratio between 2.1 to 2.6:1.45 But this 
finding  contradict  the  result  found  in  mentally  retarded  children  with 
microcephaly of this research. It was found that among mentally retarded children 
with microcephaly,  female number exceeds those of male. It was found that 24 
(61.54%) of  them are  female,  and  15 (38.46%)  of  them are  male.  The  same 
finding was found in mentally retarded children with microcephaly whose have 
normal  karyotypes,  with  18  (46.15%)  female  children  and  11  (28.21%)  male 
children identified.
Down  syndrome  is  the  responsible  cause  for  25%-30%  mental 
retardation all around the world. The overall incidence is aroung 0.3%-3.4% in 
entire population.46,47  The same result was found in this research, where ten cases 
(25.64%) of Down Syndrome was found in this research.
Among all ten Down syndrome cases found, nine (23.08%) children 
are identified with trisomy of chromosome 21, a condition that suggest a classic 
type of Down Syndrome.31,32  This result is consistent with the previous research, 
which  shows  that  about  94% of  Down Syndrome  cases  were  caused  by  this 
trisomy.36,37
Four male children and six female children were identified from all 
cases of Down syndrome, giving the male-to-female ratio of 1:1.5. This result is 
8in  contrast  with  previous  research  which  shown higher  number  of  male  with 
Down syndrome than female with one. It says  that the male-to-female ratio in 
newborn with Down syndrome is 1.15:1. This lower ratio is maybe due to the 
lower sample number used in this research. Another research also shown almost 
same result, in which the male-to-female ratio in Down syndrome is 1.36:1. This 
ratio is also said to be higher in the case of trisomy 21, which is appeared to be 
1.73:1.48,49
Down syndrome is characterized by some physical feature,  such as 
flat  occiput,  flat  facial  profile,  small  simply  formed  arms,  simian  crease,  and 
sandal gap.31,32 All Down syndrome children from this research show sandal gap, 
simian crease, and upslanting palpebral fissure. There are also some children with 
brachycephaly, flat occiput, low set ear, and flat nasal bridge.
One case of Robertsonian translocation are also found among Down 
syndrome children of this research. The karyotipe is identified as 46,XX,t(14;21),
+21.  This  type  is  known to  be  the  commonest  translocation  casuse  of  Down 
syndrome.  A previous  study said  that  translocation  causes  are  responsible  for 
3.5% of Down syndrome cases, and t(14;21) is described to be the cause of 1.7% 
Down syndrome cases.36,37,38
Genetic counseling and screening programs for children with mental 
retardation  and  microcephaly  should  be  encouraged,and  information  from this 
research needs to be delivered to other genetic experts for medical and academic 
interests, so better diagnosis and counseling for children with mental retardation 
and microcephaly  can be carried out.
9Also,  Futher  research  with  larger  number  and  more  advanced 
techniques is also needed to detect sub-microscopic chromosomal abnormalities 
which  cannot  be  seen  with  conventional  technique,  in  order  to  provide  better 
diagnostic method for children with mental retardation and microcephaly.
REGARDS
The  author  expressed  his  gratitude  and  appreciation  to  Rector  of 
Diponegoro University who has provided the opportunity for the author to learn, 
to  improve  the  knowledge  and  expertise,  Dean  of  Faculty  of  Medicine, 
Diponegoro University Semarang, which has provided the opportunity for authors 
to  follow the  educational  expertise,  Prof.dr.Sultana  MH Faradz,  dr.Farmaditya 
Eka  Putra,  and  dr.  Alfi  Afadiyanti,  as  supervisors,  dr.Tri  Indah  Winarni, 
M.Si.Med.,PA, and dr.Erie  B.P.S.  Andar,  Sp.BS, PAK(K) as reviewers of this 
scientific  paper,  that have been very helpful in guiding the author so the final 
outcome of this report can be completed, and also beloved family and friends who 
had  been  providing  motivation  and  support  during  the  research  process  to 
complete.
REFERENCE
1. AAMR.  Definition  of  Intellectual  Disability.   2010;  Available  from: 
http://aamr.org/.
2. Winnepenninckx B, Rooms L, Kooy RF. Mental Retardation: A Review of 
The  Genetic  Cause.  The  British  Journal  of  Developmental  Disabilities. 
2003;49:29-44.
3. Schalock RL, Buntinx W, Borthwick-Duffy S, Luckasson R, Snell M. User's 
Guide:  Mental  Retardation:  Definition,  Classification  and  Systems  of 
10
Supports: Amer Assn on Intellectual & Devel; 2006.
4. Faradz SMH. The genetic  of  mental  retardation.  17th ACMR Conference; 
November 18-23, 2005; Yogyakarta, Indonesia.
5. Galasso  C,  Lo-Castro  A,  El-Malhany  N,  Curatolo  P.  “Idiopathic”  mental 
retardation and new chromosomal abnormalities. Italian Journal of Pediatrics. 
2010;36:17.
6. Knight  SJL.  Genetics  of  Mental  Retardation:  An Overview Encompassing 
Learning Disability and Intellectual Disability: S Karger Pub; 2010.
7. Manjunatha  K,  Chetan  C,  Latha  P,  Arathi  R,  Rao  G,  Bhaskar  Rao  G. 
Cytogenetic assessment and evaluation in mental retardation: current status. 
NIMHANS Journal. 1997;15(4):401-8.
8. O'Reilly  D,  Schor  N.  Microcephaly.   1998  [updated  January  19,  2010]; 
Available from: http://www.medlink.com/
9. Reynolds  T,  Dombeck  M.  mental  retardation  (intellectual  disabilities). 
[updated  Aug  24th  2006];  Available  from: 
http://www.mentalhelp.net/poc/view_doc.php?type=doc&id=10322&cn=208.
10. Ried T. Cytogenetics: In Color and Digitized. N Engl J Med [serial on the 
Internet].  2004;  350:  Available  from: 
http://www.nejm.org/doi/full/10.1056/NEJMp038242?ck=nck&.
11. Vries B, Pfundt R, Leisink M, Koolen DA, Lisenka, Vissers, et al. Diagnostic 
genome  profiling  in  mental  retardation  The  American  Journal  of  Human 
Genetics. October 2005;77(4):606-16.
12. American Psychiatric Association, Task Force on DSM-IV. Diagnostic and 
statistical  manual  of  mental  disorders:  DSM-IV-TR:  American  Psychiatric 
Association; 2000.
13. American Psychiatric Association, DSM-V Development. Proposed Revision: 
Mental  retardation.   2010;  Available  from: 
http://www.dsm5.org/ProposedRevisions/Pages/proposedrevision.aspx?
rid=384.
14. Chamberlin  HR.  Mental  retardation.  In:  Farmer  TW,  editor.  Pediatric 
neurology. 3rd ed. Philadelphia: Harper and Row Publisher; 1983. p. 153-90.
15. Schalock RL, Luckasson RA, Shogren KA. Perspectives: The Renaming of 
Mental  Retardation:  Understanding  the  Change  to  the  Term  Intellectual 
Disability. Intellectual and Developmental Disabilities. 2007;45(2):116-24.
16. Bauer RE. Developmental Pediatrics. In: Zitelli BJ, Davis HW, editors. Atlas 
of pediatric physical diagnosis. New York: A Willey Med Publ; 1987. p. 3.1-
3.27.
17. Storm CM. Heredity and ability:  how genetics affects your child and what 
you can do about it. New York: Plenum Med Book Co; 1990.
18. Vinken PJ, Bruyn GW, Myrianthopoulos NC, Klawans HL. Malformations: 
Elsevier Science Publishers; 1987.
19. Tarrant A, Garel C, Germanaud D, Villemeur TBd, Mignot C, Lenoir M, et 
al. Microcephaly: a radiological review. Pediatr Radiol. 2009;39:772–80.
20. Russell  S,  McHugo  J,  Pilling  D.  Cranial  abnormalities.  In:  Twining  P, 
McHugo J,  Pilling D, editors.  Textbook of fetal  abnormalities.  Edinburgh: 
Churchill Livingstone; 2007. p. pp 95–141.
11
21. Watemberg N, Silver S, Harel S, et al. Significance of microcephaly among 
children with developmental disabilities. J Child Neurol. 2002;17:117–22.
22. Dahlgren  L,  Wilson  R.  Prenatally  diagnosed  microcephaly:  a  review  of 
etiologies. Fetal Diagn Ther. 2001;16:323–6.
23. Bronsteen  R,  Lee  W, Vettraino  I,  et  al.  Second-trimester  sonography and 
trisomy 18. J Ultrasound Med. 2004;23:233–40.
24. Twining P. Chromosomal abnormalities. In: Twining P, McHugo J, Pilling D, 
editors. Textbook of fetal  abnormalities.  Edinburgh: Churchill Livingstone; 
2007. p. 327-59.
25. Walkinshaw S.  Viral  infections  in  pregnancy.  In:  Twining  P,  McHugo J, 
Pilling  D,  editors.  Textbook  of  fetal  abnormalities.  Edinburgh:  Churchill 
Livingstone; 2007. p. 427–42.
26. de Vries L, Gunardi H, Barth P, et al. The spectrum of cranial ultrasound and 
magnetic  resonance  imaging  abnormalities  in  congenital  cytomegalovirus 
infection. Neuropediatrics. 2004;35:113–9.
27. Chao  C,  Zaleski  C,  Patton  A.  Neonatal  hypoxicischemic  encephalopathy: 
multimodality imaging findings. Radiographics. 2006;26:159–72.
28. Maillot  F,  Cook  P,  Lilburn  M,  et  al.  A  practical  approach  to  maternal 
phenylketonuria management. J Inherit Metab Dis. 2007;30:198–201.
29. Leroy-Malherbe V, Bonnier C, Papiernik E, et al. The association between 
developmental  handicaps  and traumatic  brain  injury during  pregnancy:  an 
issue that deserves more systematic evaluation. Brain Inj. 2006;20:1355–65.
30. Lo  T,  McPhillips  M,  Minns  R,  et  al.  Cerebral  atrophy  following  shaken 
impact  syndrome  and  other  non-accidental  head  injury  (NAHI).  Pediatr 
Rehabil. 2003;6:47–55.
31. Greydanus DE, Pratt HD. Syndromes and Disorders Associated with Mental 
Retardation. Indian J Pediatr. 2005;72(10):859-64.
32. Thapar A, Clayton-Smith J. Genetics of mental retardation. In: McGuffin P, 
Owen MJ, Gottesman II, editors. Psychiatric genetics and genomics: Oxford 
University Press; 2005.
33. Toriello H. Genetics in adolescent medicine. In: Greydanus DE, Patel DR, 
Pratt HD, editors. Essential Adolescent Medicine. New York: McGraw-Hill 
Medical Publishers; 2005. p. 455-73.
34. Merrick  J,  Kandel  I,  Vardi  G.  Adolescents  with  Down  syndrome.  Int 
JAdolesc Med Health. 2004;16:13-9.
35. Mandal K, Boggula VR, Borkar M, Agarwal S, Phadke S. Use of Multiplex 
Ligation-Dependent  Probe  Amplification  (MLPA)  in  Screening  of 
Subtelomeric Regions in Children with Idiopathic Mental Retardation. Indian 
J Pediatr. 2009;76(10):1027-31.
36. Tarek M. The baby with Down Syndrome. ASJOG. 2005;2.
37. Andrianti VB. Distribusi kelainan kromosom sindrom down dan usia ibu saat 
melahirkan  di  SLB  Negeri  Semarang.  Semarang:  Fakultas  Kedokteran 
Universitas Diponegoro. 2008.
38. Mutton D, Alberman E, Hook EB. Cytogenetic and epidemiological findings 
in  Down  syndrome,  England  and  Wales  1989  to  1993.  JMed  Genet. 
1996;33:387-94.
12
39. Maranda B, Lemieux N, Lemyre  E. Familial  deletion 18p syndrome:  case 
report. BMC Medical Genetics [serial on the Internet]. 2006; 7(60): Available 
from: http://www.biomedcentral.com/1471-2350/7/60.
40. Turleau C. Monosomy 18p. Orphanet Journal of Rare Diseases [serial on the 
Internet]. 2008; 3(4): Available from: http://www.ojrd.com/content/3/1/4
41. Mundhofir FEP. Cytogenetics, molecular and clinical studies among mentally 
retarded  individuals  in  semarang  (master  thesis).  Semarang:  Diponegoro 
Univ; 2008.
42. Wu  Y,  Ji  T,  Wang  J,  Xiao  J,  Wang  H,  Li  J,  et  al.  RSeuseabrcmh 
aritciclreoscopic  subtelomeric  aberrations  in  Chinese  patients  with 
unexplained developmental delay/mental retardation. BMC Medical Genetics. 
2010;11(72).
43. Liang  JS,  Shimojima  K,  Yamamoto  T.  Application  of  Array-based 
Comparative Genome Hybridization in Children with Developmental Delay 
or Mental Retardation. Pediatr Neonatol. 2008;49:213-7.
44. Birch  HG,  Richardson  SA,  Baird  D,  Horobin  G,  Illsley  R.  Mental 
Subnormality  in  the  Community:  A  Clinical  and  Epidemiologic  Study. 
Baltimore: Williams & Wilkins; 1970. 
45. Wing  L.  Sex  ratios  in  early  childhood  autism  and  related  conditions. 
Psychiatry Res. 1981;5(2):129-37.
46. Wright A, Hastie N. Genes and Common Disease.  New York: Cambridge 
university Press; 2007.
47. Wahab A, Beener A, Teebi SA. The incidence patterns of Down Syndrome in 
Qatar. Clin Genet. 2006;69:360-2.
48. Kovaleva NV, Butomo IV, Körblein A. Sex ratio in Down syndrome. Studies 
in patients with confirmed trisomy 21. Tsitol Genet. 2001;35(6):43-9.
49. Verma RS, Huq A. Sex ratio of children with trisomy 21 or Down syndrome. 
Cytobios. 1987;51(206-207):145-8.
